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We claim: 

1 . A method of reliably discovering devices and services with ad-hoc and server- 
based operation in a network environment of devices acting as discovery clients and 
5 discovery responders, the method comprising: 

detecting by a discovery client whether a discovery server is present; 

in a detected absence of any discovery server, conducting discovery by the 
discovery client as a multicast operation; 

in a detected presence of any discovery server, suppressing by the discovery client 
10 of its multicast operation and conducting discovery by the discovery client directed to the 
detected di sco very server; and 

continuing by the discovery responders to respond to multicast discovery 
regardless of the presence or absence of the discovery server in the network environment. 

15 2. The method of claim 1, wherein the detecting comprises sending by the 

discovery client of a discovery query as a multicast operation to find any discovery server 
in the network environment. 

3. A method of reliable multicast suppression in service discovery on ad-hoc 
20 networks, comprising: 

sending a multicast discovery query for discovery servers by a discovery client on 
a network to find any discovery server present within a scope on the network; 

receiving by the discovery client any response to the multicast discovery query; 

upon receiving a response of a discovery server to the multicast discovery query, 
25 suppressing sending further multicast discovery queries for device services by the 
discovery client and sending further discovery queries for device services by the 
discovery client directly to the discovery server, while the discovery server remains 
present on the network; and 
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in absence of any response to the multicast discovery query, sending the any 
further discovery queries for device services by the discovery client as multicast 
discovery queries on the network. 

4. The method of claim 3, wherein discovery responders continue to respond to 
multicast discovery queries for device services matching the respective discovery 
responders from the discovery client irrespective of the discovery server being present on 
the network. 

5. A computing device operating as a discovery client in a network architecture 
for a discovery protocol capable of ad-hoc and server-based operation, the computing 
device comprising: 

a memory storing software programming for an ad-hoc discovery protocol; and 
a processor operating to execute the software programming in the memory; 
wherein the software programming comprises: * 

programming code for switching the discovery client between server- 
based and ad-hoc discovery modes when a discovery server is determined to be 
present or absent, respectively, in a network in which the computing device is 
operating; 

server-based discovery mode programming code for sending discovery 
queries of the discovery client directly to the discovery server determined to be 
present in the network; and 

ad-hoc discovery mode programming code for sending discovery queries 
of the discovery client as a multicast transmission to discovery responders in the 
network. 

6. The computing device of claim 5, wherein the software programming further 
comprises programming code for detecting the presence or absence of a discovery server 
in the network. 
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7. The computing device of claim 6, wherein the programming code for detecting 
comprises programming code for sending a multicast discovery query to find discovery 
servers present in the network. 

5 ' 

8. A computer-readable media having computer-readable software programming 
thereon for executing on a discovery client in a network architecture of a discovery 
protocol capable of server-based and ad-hoc discovery, the software programming 
comprising: 

10 programming code for switching the discovery client between server-based and 

ad-hoc discovery modes when a discovery server is determined to be present or absent, 
respectively, in a network in which the computing device is operating; 

server-based discovery mode programming code for sending discovery queries of 
the discovery client directly to the discovery server determined to be present in the 

15 network; and 

ad-hoc discovery mode programming code for sending discovery queries of the 
discovery client as a multicast transmission to discovery responders in the network. 

9. The computer-readable media of claim 8, wherein the software programming 
20 further comprises programming code for detecting the presence or absence of a discovery 

server in the network. 

10. The computer-readable media of claim 9, wherein the programming code for 
detecting comprises programming code for sending a multicast discovery query to find 

25 discovery servers present in the network. 

1 1 . A distributed system of networked computing devices compliant with an ad- 
hoc service discovery protocol, the distributed system comprising: 
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at least one networked computing device operating as a discovery client according 
to a network architecture of the ad-hoc service discovery protocol, the discovery client 
having a server-based discovery mode and an ad-hoc discovery mode, the discovery 
client operating to determine whether any discovery server is present or absent in a 
network and switch to the server-based discovery mode or ad-hoc discovery mode, 
respectively, according to the determination, the discovery client operating in ad-hoc 
discovery mode to send discovery queries as multicast transmissions and operating in 
server-based discovery mode to suppress multicast transmission of discovery requests by 
the discovery client; and 

at least one networked computing device operating as a discovery responder 
according to the network architecture of the ad-hoc service discovery protocol, the 
discovery responder operating regardless of presence or absence of a discovery server in 
the network to respond to multicast transmissions of discovery queries matching the 
discovery responder. 

12. The distributed system of claim 1 1 wherein the discovery client has a 
configured mode, the discovery client operating in the configured mode to suppress 
multicast transmission of discovery requests by the discovery client and send such 
discovery requests directly to a specified discovery server specified in its configuration. 

13. The distributed system of claim 1 1 wherein the discovery responder has a 
configured mode, the discovery responder operating in the configured mode to suppress 
response to multicast transmission of discovery requests. 

14. A method of discovering device services in ad-hoc and server-managed 
networks of computing devices, the method comprising: 

when connected in an ad-hoc network, sending discovery queries as a multicast 
transmission from a discovery client computing device; and 
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when connected in a server-managed network having a discovery server, sending 
discovery queries from the discovery client computing device as a directed transmission 
to the discovery server using a networking protocol that guarantees message delivery. 

15. The method of claim 14 further comprising: 

responding to discovery queries received as multicast transmissions by a 
computing device that match device services of the computing device regardless of 
whether connected in the ad-hoc or server-managed network. 

16. The method of claim 14 wherein the networking protocol is the transmission 
control protocol (TCP). 

17. A computer-readable media having a software program thereon executable on 
a computing device to perform a method of discovering device services in ad-hoc and 
server-managed networks of computing devices, the method comprising: 

when the computing device is connected in an ad-hoc network, sending discovery 
queries as a multicast transmission from the computing device; and 

when the computing device is connected in a server-managed network having a 
discovery server, sending discovery queries from the computing device directly to the 
discovery server using a networking protocol that guarantees message delivery. 

18. The computer-readable media of claim 17 wherein the networking protocol is 
the transmission control protocol (TCP). 

19. A computing device for discovering device services in ad-hoc and server- 
managed networks of computing devices, the method comprising: 

means for, when connected in an ad-hoc network, sending discovery queries as a 
multicast transmission from a discovery client computing device; and 
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means for, when connected in a server-managed network having a discovery 
server, sending discovery queries from the discovery client computing device as a 
directed transmission to the discovery server using a networking protocol that guarantees 
message delivery. 

5 

20. The computing device of claim 19 wherein the networking protocol is the 
transmission control protocol (TCP). 

21. A method of discovering device services in an ad-hoc networking 

10 environment of computing devices acting as discovery clients and discovery responders, 
wherein a discovery client sends a discovery query message as a multicast transmission 
one or more times, the discovery query message containing a message identifier, the 
method comprising: • . 

maintaining a list of already processed messages by a discovery responder 
1 5 according to message identifier of the already processed messages; 

receiving the discovery query message by a discovery responder; 
determining based on the message identifier of the discovery query message and 
the discovery responder' s already processed messages list whether the discovery query 
message is newly received or a duplicate of a previously processed discovery query; 
20 if the discovery query message is determined to be newly received: 

sending a response to the discovery query if the query is a match to a 
device service of the discovery responder; and 

adding an entry for the discovery query message to the discovery 
responder' s already processed messages list; and 
25 if the discovery query message is determined to be a duplicate, not processing the 

discovery query of the discovery query message. 

22. The method of claim 21 wherein the discovery query message further 
contains a time parameter indicative to a sending time period in which the discovery 
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client sends the discovery query message one or more times, the method further 
comprising: 

when adding an entry for the discovery query message, 

determining by the discovery responder a receiving time period during 
5 which transmissions of the discovery query message may be received by the 

discovery responder based on the time parameter; and 

inserting data representing the receiving time period in the entry; 
wherein the determining whether the discovery query message is newly received 
or duplicate further comprises determining whether the received discovery query message 
10 was received within the receiving time period represented in an entry in the already 
processed message list with a matching message identifier. 

23. The method of claim 22 further comprising removing entries from the 
discovery responder's list of already processed messages after the receiving time period 

15 is expired. 

24. A method of discovering device services in an ad-hoc networking 
environment of computing devices acting as discovery clients and discovery responders, 
the method comprising: 

20 encoding by a discovery client a message identifier and a time parameter 

indicative of a sending time interval in a discovery query message; and 

sending by the discovery client the discovery query message as a multicast 
transmission one or more times within the sending time interval. 

25 25. The method of claim 24 further comprising: , 

maintaining a list of already processed messages by a discovery responder 
according to message identifier of the already processed messages, in which a receiving 
time period in which duplicates of respective already processed messages may be 
received is indicated; 
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receiving the discovery query message by a discovery responder; 
determining based on the message identifier of the discovery query message and 
the receiving time periods indicated in the discovery responder' s already processed 
messages list whether the discovery query message is newly received or a duplicate of a 
5 previously processed discovery query; 

if the discovery query message is determined to be newly received: 

sending a response to the discovery query if the query is a match to a 
device service of the discovery responder; and . 
adding an entry for the discovery query message to the discovery 
1 0 responder's already processed messages list indicating the receiving time period 

for the discovery query message based on the time parameter; and 
if the discovery query message is determined to be a duplicate, not processing the 
discovery query of the discovery query message. 

15 26. The method of claim 25 further comprising removing entries from the 

discovery responder' s list of already processed messages after the receiving time period 
is expired. 

27. A computing device operating as a discovery client in a network architecture 
20 for an ad-hoc discovery protocol, the computing device comprising: 

a memory storing software programming for an ad-hoc discovery protocol ; and 

a processor operating to execute the software programming in the memory; 

wherein the software programming comprises: 

programming code for encoding by a discovery client a message identifier 
25 and a time parameter indicative of a sending time interval in a discovery query 

message; and 

programming code for sending by the discovery client the discovery query 
message as a multicast transmission one or more times within the sending time 
interval. 
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28. A computing device operating as a discovery responder in a network 
architecture for an ad-hoc discovery protocol, the computing device comprising: 

a memory storing software programming for an ad-hoc discovery protocol; and 
a processor operating to execute the software programming in the memory; 
wherein the software programming comprises: 

programming code for maintaining a list of already processed messages by 
the discovery responder according to message identifier of the already processed 
messages; 

programming code for receiving a discovery query message from a 
discovery client by the discovery responder; 

programming code for processing the received discovery query message, 
wherein the processing comprises: 

determining based on the message identifier of the discovery query 
message and the discovery responder' s already processed messages list 
whether the discovery query message is newly received or a duplicate of a 
previously processed discovery query; 

if the discovery query message is determined to be newly received: 

sending a response to the discovery query if the query is a 
match to a device service of the discovery responder; and 

adding an entry for the discovery query message to the 
discovery responder' s already processed messages list; and 
if the discovery query message is determined to be a duplicate, not 
processing the discovery query of the discovery query message. 

29. A computing device operating as a discovery responder in a network 
architecture for an ad-hoc discovery protocol, the computing device comprising: 

a memory storing software programming for an ad-hoc discovery protocol; and 
a processor operating to execute the software programming in the memory; 
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wherein the software programming comprises: 

programming code for maintaining a list of already processed messages by 
a discovery responder according to message identifier of the already processed 
messages, in which a receiving time period in which duplicates of respective 
5 already processed messages may be received is indicated; 

programming code for receiving a discovery query message from a 
discovery client by the discovery responder; 

programming code for processing the received discovery query message, 
wherein the processing comprises: 
10 determining based on the message identifier of the discovery query 

message and the receiving time periods indicated in the discovery 

responder's already processed messages list whether the discovery query 

message is newly received or a duplicate of a previously processed 

discovery query; 

15 if the discovery query message is determined to be newly received: 

sending a response to the discovery query if the query is a 
match to a device service of the discovery responder; and 

adding an entry for the discovery query message to the 
discovery responder' s already processed messages list indicating 
20 the receiving time period for the discovery query message based on 

the time parameter; and 

if the discovery query message is determined to be a duplicate, not 
processing the discovery query of the discovery query message. 

25 30. A computer-readable media having a software program thereon executable on 

a networked computing device acting as a discovery client in an ad-hoc networking 
environment according to ah ad-hoc discovery protocol to effect a method of discovering 
device services on a network, the method comprising: 
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encoding by a discovery client a message identifier and a time parameter 
indicative of a sending time interval in a discovery query message; and 

sending by the discovery client the discovery query message as a multicast 
transmission one or more times within the sending time interval. 

5 

3 1. A computer-readable media having a software program thereon executable on 
a networked computing device acting as a discovery responder in an ad-hoc networking 
environment according to an ad-hoc discovery protocol wherein a discovery client sends 
a discovery query message as a multicast transmission one or more times within a 
10 sending time interval to effect a method of discovering device services on a network, the 
discovery query message including a message identifier and a time parameter indicative 
of the sending time interval, the method comprising: 

maintaining a list of already processed messages by the discovery responder 
according to message identifier of the already processed messages, in which a receiving 
15 time period in which duplicates of respective already processed messages may be 
received is indicated; 

receiving the discovery query message by a discovery responder; 
determining based on the message identifier of the discovery query message and 
the receiving time periods indicated in the discovery responder' s already processed 
20 messages list whether the discovery query message is newly received or a duplicate of a 
previously processed discovery query; 

if the discovery query message is determined to be newly received: 

sending a response to the discovery query if the query is a match to a 
device service of the discovery responder; and 
25 adding an entry for the discovery query message to the discovery 

responded already processed messages list indicating the receiving time period 
for the discovery query message based on the time parameter; and 
if the discovery query message is determined to be a duplicate, not processing the 
discovery query of the discovery query message. 



SAWilcm 6/30/03 3382-65593 302977.01 



Express Mail Label No. EV 351283193 US 
Date of Deposit: June 30, 2003 



50 



32. The computer-readable media of claim 31 wherein the method further 
comprises removing entries from the discovery responder' s list of already processed 
messages after the receiving time period is expired. 

5 

33. A method of discovering device services in an ad-hoc networking 
environment of computing devices acting as discovery clients and discovery responders, 
the method comprising: 

at boot- time of a discovery responder, generating a new value of a stateless boot 
10 time parameter of the discovery responder if operating state of the discovery responder 
since previous operation has been lost; 

at time of the discovery responder joining a network, 

creating an announcement message by the discovery responder for a 
device service provided by the discovery responder, the announcement message 
15 including the stateless boot time parameter; and 

sending the announcement message by the discovery responder as a 
multicast transmission on the network. 

34. The method of claim 33 wherein generating the new value comprises 
20 incrementing a boot counter to provide the new value of the stateless boot time 

parameter. 



35. The method of claim 33 wherein generating the new value comprises reading 
a value from a real-time clock to provide the new value of the stateless boot time 
25 parameter. 



36. A computing device operating as a discovery responder in a network 
architecture for an ad-hoc discovery protocol, the computing device comprising: 

a memory storing software programming for an ad-hoc discovery protocol; and 
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a processor operating to execute the software programming in the memory; 
wherein the software programming comprises: 

programming code executing at boot-time of the discovery responder for 
generating a new value of a stateless boot time parameter of the discovery 
responder if operating state of the discovery responder since previous operation 
has been lost; 

programming code executing at time of the discovery responder joining a 
network for creating an announcement message by the discovery responder for a 
device service provided by the discovery responder, the announcement message 
including the stateless boot time parameter, and sending the announcement 
message by the discovery responder as a multicast transmission on the network. 

37. A computer-readable media having a software program thereon executable on 
a networked computing device acting as a discovery responder in an ad-hoc networking 
environment according to an ad-hoc discovery protocol to effect a method comprising: 

at boot-time of a discovery responder, generating a new value of a stateless boot 
time parameter of the discovery responder if operating state of the discovery responder 
since previous operation has been lost; 

at time of the discovery responder joining a network, 

creating an announcement message by the discovery responder for a 
device service provided by the discovery responder, the announcement message , 
including the stateless boot time parameter; and 

sending the announcement message by the discovery responder as a 
multicast transmission on the network. 

38. A method of discovering device services in an ad-hoc networking 
environment of computing devices acting as discovery clients and discovery responders, 
wherein a discovery responder sends a multicast announcement message for a device 
service and containing a stateless boot time parameter, the method comprising: 
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maintaining cache data of discovered device services in a discovery client; 
receiving the announcement message from the discovery responder by a discovery 

client; 

determining by the discovery client whether the device service of the 
5 announcement message matches the cache data; and 

if so, determining whether the device service has lost operational state based on 
the stateless boot time parameter of the announcement message and the cache data. 

39. A computing device operating as a discovery client in a network architecture 
10 for an ad-hoc discovery protocol, the computing device comprising: 

a memory storing software programming for an ad-hoc discovery protocol; and 
a processor operating to execute the software programming in the memory; 
wherein the software programming comprises: 

programming code for maintaining cache data of discovered device 
15 services in a discovery client, receiving the announcement message from the discovery 
responder by a discovery client, determining by the discovery client whether the device 
service of the announcement message matches the cache data, and if so, determining 
whether the device service has lost operational state based on the stateless boot time 
parameter of the announcement message and the cache data. 

20 

40. A computer-readable media having a software program thereon executable on 
a networked computing device acting as a discovery responder in an ad-hoc networking 
environment according to an ad-hoc discovery protocol to effect a method comprising: 

maintaining cache data of discovered device services in a discovery client; 
25 receiving the announcement message from the discovery responder by a discovery 

client; 

determining by the discovery client whether the device service of the 
announcement message matches the cache data; and 
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if so, determining whether the device service has lost operational state based on 
the stateless boot time parameter of the announcement message and the cache data. 

41 . A method of discovering device services in an ad-hoc networking 
5 environment of computing devices acting as discovery clients and discovery responders, 
the method comprising: 

upon a discovery responder joining a network, sending an announcement message 
of a device service on the discovery responder by the discovery responder as a multicast 
transmission, wherein the announcement message contains an end point identifier 
10 indicative of an identity of the discovery responder and a configuration number parameter 
indicative of a configuration of the discovery responder; 

upon a change in configuration of the discovery responder, 

generating a new value of the configuration number parameter by the 
discovery responder; and 
15 sending a further announcement message of the device service by the 

discovery responder as a multicast message, wherein the further announcement 
message contains the end point identifier and the configuration number parameter 
having the new value. 

20 42. The method of claim 41 further comprising: 

maintaining cache data of discovered device services by a discovery node; 

receiving by the discovery node an announcement message; 

determining whether a configuration of any discovered device service represented 
in the cache data has changed based on the cache data for that discovered device service 
25 matching the endpoint identifier contained in the announcement message but not the 
configuration number parameter contained in the announcement message; and 

if so, retrieving an updated device service description for that discovered device 
service from the discovery responder, and updating the cache data based on the retrieved 
device service description. 



SAW:lcm 6/30/03 3382-65593 302977.01 



Express Mail Label No. EV 351283193 US 
Date of Deposit: June 30, 2003 



54 

43. The method of claim 42 wherein the discovery node is one of a discovery 
client or a discovery server. 

5 44. A method of discovering device services in an ad-hoc networking 

environment of computing devices acting as discovery clients and discovery responders, 
wherein discovery responders send a multicast announcement message containing an 
endpoint identifier and configuration number, the method comprising: 

maintaining cache data of discovered device services by a discovery node; 
10 receiving by the discovery node an announcement message; 

determining whether a configuration of any discovered device service represented 
in the cache data has changed based on the cache data for that discovered device service 
matching the endpoint identifier contained in the announcement message but not the 
configuration number parameter contained in the announcement message; and 
1 5 if so, retrieving an updated device service description for that discovered device 

service from the discovery responder, and updating the cache data based on the retrieved 
device service description. 

45. A distributed system of networked computing devices compliant with an ad- 
20 hoc service discovery protocol, the distributed system comprising: 

at least one networked computing device operating as a discovery responder 
according to a network architecture of the ad-hoc service discovery protocol, the 
discovery responder generating a new configuration number upon a change in its 
configuration and sending an announcement message containing an endpoint identifier 
25 and the new configuration number as a multicast transmission; and 

at least one networked computing device operating as a discovery node according 
to the network architecture of the ad-hoc service discovery protocol, the discovery node 
having a cache of discovered device service descriptions, and operating upon receiving 
the announcement message to determine whether a device service represented in a 
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discovered device service description in the cache matching the endpoint identifier of the 
announcement message has changed configuration based on the configuration number of 
the announcement message. 

5 46. A computer-readable media having a software program thereon executable on 

a networked computing device acting as a discovery responder in an ad-hoc networking 
environment according to an ad-hoc discovery protocol to effect a method comprising: 

upon a discovery responder joining a network, sending an announcement message 
of a device service on the discovery responder by the discovery responder as a multicast 
10 transmission, wherein the announcement message contains an end point identifier 

indicative of an identity of the discovery responder and a configuration number parameter 
indicative of a configuration of the discovery responder; 

upon a change in configuration of the discovery responder, 

generating a new value of the configuration number parameter by the 
15 discovery responder; and 

sending a further announcement message of the device service by the 
discovery responder as a multicast message, wherein the further announcement 
message contains the end point identifier and the configuration number parameter 
having the new value. 

20 

47. A computer-readable media having a software program thereon executable on 
a networked computing device to effect a method, the networked computing device 
acting as a discovery node in an ad-hoc networking environment according to an ad-hoc 
discovery protocol wherein discovery responders send a multicast announcement 
25 message containing an endpoint identifier and configuration number, the method 
comprising: 

maintaining cache data of discovered device services by a discovery node; 
receiving by the discovery node an announcement message; 
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determining whether a configuration of any discovered device service represented 
in the cache data has changed based on the cache data for that discovered device service 
matching the endpoint identifier contained in the announcement message but not the 
configuration number parameter contained in the announcement message; and 
5 if so, retrieving an updated device service description for that discovered device 

service from the discovery responder, and updating the cache data based on the retrieved 
device service description. 

48. A method of discovering paged numbers of device services in a networking 
1 0 environment of computing devices, the method comprising: 

sending a discovery query by a discovery client to a discovery server on a 
network to find device services matching certain find criteria, the discovery query 
specifying a size limit parameter and passing a page context parameter; 

returning by the discovery server a response to the discovery query for a number 
15 of device services matching the find criteria up to the size limit parameter and returning 
the page context parameter, the page context parameter being set to identify a context 
state of the discovery server's response to the discovery query; and 

repeating the steps of sending the discovery query and returning the response, 
wherein the further responses by the discovery server return further incremental sets of 
20 devices services matching the find criteria up to the size limit parameter specified in the 
discovery client's preceding discovery query. 

49: The method of claim 48 wherein the discovery queries sent by the discovery 
client in different iterations specify different values of the size limit parameter. 

25 

50. The method of claim 48 further comprising returning an empty page context 
parameter by the discovery server in a response to an iteration of the discovery query to 
indicate an absence of further device services matching the find criteria. 
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5 1 . The method of claim 48 further comprising specifying by the discovery client 
a zero-Valued size limit parameter in a final iteration of sending the discovery request to 
indicate no further query iterations are forthcoming from the discovery client. 

5 . 52. A distributed system of networked computing devices compliant with an ad- 

hoc service discovery protocol, the distributed system comprising: 

at least one networked computing device operating as a discovery client according 
to a network architecture of the ad-hoc service discovery protocol, the discovery client 
sending a discovery query to a discovery server on a network to find device services 
10 matching certain find criteria, the discovery query specifying a size limit parameter and 
passing a page context parameter; 

a networked computing device operating as the discovery server according to the 
network architecture of the ad-hoc service discovery protocol, the discovery server 
returning a response to the discovery query for a number of device services matching the 
15 find criteria up to the size limit parameter and returning the page context parameter, the 
page context parameter being set to identify a context state of the discovery server's 
response to the discovery query; and 

wherein the discovery client and discovery server repeat the steps of sending the 
discovery query and returning the response, and the discovery server returns further 
20 incremental sets of devices services matching the find criteria up to the size limit 

parameter specified in the discovery client's preceding discovery query in the further 
responses. 

53. A computer-readable media having a software program thereon executable on 
25 a networked computing device to effect a method, the networked computing device 
acting as a discovery server in a networking environment according to a discovery 
protocol wherein discovery clients send successive iterations of a discovery query to find 
device services matching certain find criteria and specifying a size limit parameter and 
passing a page context parameter, the method comprising: 
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returning a response to the discovery query for a number of device services 
matching the find criteria up to the size limit parameter and returning the page context 
parameter set to identify a context state of the discovery server's response to the 
discovery query; and 

5 in response to further iterations of the discovery query, returning further responses 

to the discovery query for further incremental sets of devices services matching the find 
criteria up to the size limit parameter specified in the iteration of the discovery query. 

54. The computer-readable media of claim 48 wherein the method further 

10 comprises returning an empty page context parameter in a response to an iteration of the 
discovery query to indicate an absence of further device services matching the find 
criteria. 

55. A computer-readable media having a software program thereon executable on 
15 a networked computing device acting as a discovery client in a networking environment 

according to a discovery protocol to effect a method comprising iteratively sending a 
discovery query by a discovery client to a discovery server on a network to find device 
services matching certain find criteria, the discovery query specifying a size limit 
parameter and passing a page context parameter to control a number of matching device 
20 services returned by the discovery server in response to the discovery query. 



